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Introduction
Increasing efforts are currently being devoted toward developing superior electrochemical supercapacitors in view of their higher power density, better cycling stability, and faster charge/discharge characteristic than secondary batteries, while higher energy density compared to conventional dielectric capacitors [1] [2] [3] .
Battery-type materials of transition metal oxides have been extensively studied as they can provide dominant high specific capacity by fast and reversible faradaic redox reactions [4, 5] . Among these, nickel hydroxide (Ni(OH) 2 ) has been considered as a potential material for supercapacitors owing to its high theoretical specific capacity, highly reversible redox activity, natural abundance, stability in alkaline media, and layered structure for favorable ion diffusion [6, 7] . Unfortunately, Ni(OH) 2 -based electrode materials still suffer from low specific capacity, rapid capability fading, and inferior cycling stability due to their intrinsically poor conductivity and unstable
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3 geometric structures [8] , thereby impeding their practical applications. Therefore, the development of Ni(OH) 2 -based electrodes with excellent electrochemical performances remains a pressing topic in supercapacitor technology development.
Accordingly, effective strategies have been proposed to boost the electrochemical performance of Ni(OH) 2 by engineering electrode designs and optimizing the electrical properties of materials [9, 10] . Salunkhe et al. reported coaxial growth of Ni(OH) 2 on a highly conductive CNT backbone, which resulted in enhanced electrical conductivity and increased electrochemically active sites, resulting in highly improved electrochemical performance [8] . Yan et al. reported hierarchical Ni(OH) 2 nanoflakes anchored on rGO nanosheets. The produced hybrid architectures shortened the electrolyte ion diffusion path and created numerous macropores that acted as ion-buffering reservoirs to sustain the Faradaic reactions at a high current density [11] .
Wang et al. synthesized Ni(OH) 2 nanosheets on a nickel conducting substrate, exhibiting an ultrahigh specific capacity of 790.3 C g −1 at a current density of 5 mA cm −2 . This was attributed to the structural robustness and rapid electron transport of the integrated electrode [12] . Despite attaining enhanced electrochemical performances in some cases, most of these currently available reported composites simply level off the electroactive species, which is then accompanied by low degrees of exposed edge sites, slow reaction kinetics, and poor structural integrity. This usually results in a limited specific capacity and cycle stability to some degree.
Compared to the chemically synthesized rGO, graphene prepared by chemical vapor
deposition (CVD) offers better conductive properties owing to their large crystal domains and fewer defects in the graphene layers [13, 14] . However, it is very challenging to grow CVD graphene on transition metal oxides and hydroxides due to the harsh CVD graphene growth mechanism.
In this work, we develop a new synthetic approach to realize a 3D integrated 
Experimental details

Synthesis of graphene on nickel foam (G/NF).
The G/NF was prepared by a modified CVD procedure [15] . Specifically, the NFs were placed in a CVD tube furnace under H 2 (5 sccm) atmosphere and maintained for 45 min at 1000 °C to
eliminate any oil contamination and remove the oxide layer from the surface.
Afterwards, CH 4 gas was continuously introduced into the tube at a constant pressure (55 mTorr). After 45 min under this reaction-gas mixture flow, the furnace was rapidly cooled to ambient temperature under a protective H 2 atmosphere (5 sccm) at a rate of ~20 °C min −1 . Yvon) were recorded using a conventional backscattering geometry and liquid-nitrogen-cooled charge-coupled device multichannel detector. X-ray photoelectron spectroscopy (XPS) was performed using an Escalab220 K-alpha spectrometer (Thermo Scientific, UK). ; thus, the theoretical faradaic capacity was calculated to be about 1040.8 C g −1 .
Synthesis of
Electrochemical
According to the theory of quantum capacitance of ideal graphene proposed by Xia et al. [19] , the theoretical quantum capacitance C 2 (F g −1 ) of ideal graphene was calculated to be ∼550 F g −1 when the entire surface area can be fully utilized. In our prepared system, the working potential of GCD process ranges from 0 to 0.45 vs.
SCE/V. The corresponding theoretical specific capacity C 3 (C g −1 ) of ideal graphene is calculated as follow: C 3 = C 2 × potential window = 550 × 0.45 C g −1 = 247.5 C g −1 .
The mass loadings of Ni(OH) 2 /G/Ni(OH) 2 /NF and G/NF weighted before and after pristine NF substrate is ~1.5 and ~0.2 mg cm −2 , respectively. Accordingly, the mass ratios of Ni(OH) 2 Prior to the assembly of a hybrid supercapacitor, the negative electrode was prepared by mixing activated carbon (AC) and polytetrafluoroethylene at a weight ratio of 95:5,
and then spread on a piece of NF (area = 1×1 cm 2 ). A hybrid device using the Ni(OH) 2 /G/Ni(OH) 2 /NF as the positive electrode and AC/NF as the negative electrode was assembled together with one layer of cellulose paper as the separator using 1 M KOH electrolyte. Because the constructed hybrid supercapacitor delivered quasi-rectangular CV curves, the specific capacitance C h (F g −1 ) of the hybrid supercapacitor was calculated using (I·∆t)/(M·∆V) [20] , where M (mg) is the total mass of the active materials in the device. The energy density E (W h kg −1 ) and power density P (W kg −1 ) of the hybrid device was calculated by E = C h ·∆V 2 /7.2 and P = 3600·E/∆t [21] , where ∆V represents the discharging cell potential range (V).
Results and discussion
The synthesis procedure of Ni(OH) 2 /G/Ni(OH) 2 /NF integrated architecture is illustrated in Fig. 1 . Graphene is first deposited on the surface of 3D interconnected porous Ni foam through CVD, followed by ultrasonic treatment to force the delamination of regional fractures in CVD graphene from the NF substrate. Then, the as-obtained G/NF is selected as a template to grow Ni(OH) 2 (Fig. S1 ).
An additional weak F 1s peak is observed at 685.3 eV, which provides evidence for fluoride ions of NH 4 F being intercalated into the interlamellar space of Ni(OH) 2 . The lower binding energy peak in the deconvoluted O 1s spectrum, locates at 531.3 eV, corresponds to the formation of metal hydroxide (Ni-O-H) [28] , whereas the other peak at 532.5 eV can be indexed to the physisorbed and chemisorbed water near the surface (Fig. 2c ) [29] . The high-resolution Ni 2p core level XPS spectra reveals the two major peaks of Ni 2p 1/2 and Ni 2p 3/2 , centered at 873.5 and 855.9 eV, respectively, together with two shakeup satellites located at 879.7 and 862.1 eV (Fig. 2d) [6, 21] .
The spin-energy separation of approximately 17.6 eV between the two major peaks can be ascribed to the characteristic Ni(OH) 2 phase, which agrees with the previous reports [30, 31] .
FE-SEM images show CVD-grown graphene grown on NF (Fig. S2a-d ) and the corresponding fractures (Fig. S2e-f ) obtained from the intended sonication.
Wrinkle-like graphene with irregular fractures is found to fully cover the NF skeleton.
SEM images of Ni(OH) 2 /NF show that the Ni(OH) 2 nanosheets are uniformly supported on the NF substrate to provide a conformal coating on its surface (Fig. S3) .
The enlarged SEM image shows how the Ni(OH) 2 nanosheets are homogeneously aligned and interconnected with each other, forming a unique nanoarray with highly
open features, which is conducive to providing pathways for effective ion transport. In comparison to Ni(OH) 2 /NF, the overall morphology of Ni(OH) 2 /G/NF remains unchanged except for the active materials grown on the skeleton of G/NF (Fig. S4 ).
TEM observations reveal that individual nanosheets possess a hexagonal shape with an angle of around 120° in the adjacent edge (Fig. S5a) . A high resolution TEM image
shows that the lattice fringe has a spacing distance of 0.270 nm and corresponds to the (Fig. 4b) . The results indicate the relatively high contribution of the Faradaic process to the total stored charge. capacitance contribution caused by the inevitable defects in graphene nanostructure [37, 38] . The specific capacity value of Ni(OH) 2 (Table S2 ) [31, [45] [46] [47] , verifying the significance of the M A N U S C R I P T
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Ni(OH) 2 /G/Ni(OH) 2 /NF architecture. Importantly, the as-synthesized electrodes retain a high Coulombic efficiency of over 96%, even after 5000 cycles (Fig. S9) , indicating their superior ability to retain charge during the long-term cycling test. SEM images (Fig. S10) suppressed semicircle at a high frequency region and a sloped line at a low frequency region for all the impedance plots can be observed (Fig. S11 ). An equivalent circuit is proposed based on the following elements: the equivalent series resistance (R s ), which is a combination of the electrolyte resistance, the intrinsic resistance, and the contact resistance between electroactive material and current collector [48] . The charge transfer resistance (R ct ) corresponds to the charge transfer resistance at the electrode/electrolyte interface [49] . Taking into account that the porous feature of as-synthesized electrode materials causes the part of the electrochemical process that deviates from the nature of the pure capacitance, a constant phase element (CPE) is introduced to fit the EIS measurement. CPE presents the inhomogeneity of the electrode surface and inhomogeneity of the charge distribution associated with electrode geometry in the EIS measurement [50] [51] [52] . The interface capacitance could be expected in parallel with R ct , and Warburg diffusion element (Z w ) corresponding to the ion diffusion [53, 54] . Moreover, the capacitive nature could be reasonably presented as CPE in parallel with R ct [55] . The fitted parameter values are listed in as the electrolyte and cellulose paper as the separator (Fig. 5a ). The fabricated hybrid supercapacitor is operated in a two-electrode configuration. The capacitive performance of AC/NF is investigated using CV and GCD measurements within a potential window from −1 to 0 vs. SCE/V, as shown in Fig. S13 . The CV curves are nearly rectangular and symmetric in shape, even though the scan rate is extended from 5 to 50 mV s −1 (Fig. S13a) , suggesting ideal capacitive properties together with high reversibility [8] . The specific capacitance is calculated from the GCD curves, as (Fig. 5b) by using the charge balance theory [56] . Fig. 5c shows the CV curves of the fabricated device at a constant scan rate of 10 mV s −1 within different cell potentials. As expected, the stable electrochemical window of the hybrid device can be extended to 1.5 V. Fig. 5d shows the CV curves recorded at different scan rates. The CV curves show a quasi-rectangular shape with two broad reversible redox peaks, which indicate that the capacitance is derived from the combined contribution of electrochemical double-layer capacitance of AC and the redox reaction associated with Ni 2+ /Ni 3+ .
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Upon variation of the scan rate from 10 to 50 mV s −1 , the shapes of the CV curves show no obvious diminishing area, implying a fast I-V response and reversible electrochemical behavior [56] .
The nearly symmetric charge-discharge curves, with a slight internal cell potential drop, indicate a high reversibility and small internal resistance (Fig. 5e ) [35, 57] . It is worth mentioning that the GCD curves recorded at high current density exhibit a more reasonable symmetry, which can be attributed to a higher ratio of the irreversible process (after the redox peaks) in the positive current region at low current density than that at high current density [35] . The specific capacitance of the hybrid device is calculated based on the total mass of the active materials, as shown in Fig. 5f . The specific capacitance could reach 158.5 F g −1 when the current density is 1 A g −1 , while remaining at 86.0 F g −1 at a high current density of 10 A g −1 , indicating a high rate capability. The long-term cycle stability was evaluated after 10000 continuous GCD cycles at a current density of 10 A g −1 (Fig. 5g) . Almost 89.3% of the initial specific capacitance remains after the cycling test, suggesting excellent cycle stability. To evaluate the potential of the Ni(OH) 2 /G/Ni(OH) 2 /NF electrode architecture in practical applications, such as electrical vehicles, the energy efficiency (η E ) is investigated as a critical parameter (Fig. S14) . Energy efficiency can be obtained from the equation η E = E D /E C [35] , where E C and E D are the charge energies from the charge and discharge curves, respectively. The energy efficiency is found to be nearly 91.8%
in the initial cycles and decreases slightly to 86.3% after the cycling test.
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A Ragone plot (energy density vs. power density) is used as a performance indicator for practical applications. It is found that the hybrid device delivers a maximum specific energy of 49.5 W h kg −1 at a specific power of 750 W kg −1 , while the maximum specific power of 7500 W kg −1 is observed at the specific energy of 26.9 W h kg −1 (Fig. 5h) . Such high output energy and power densities of the hybrid device (details are listed in 
Conclusions
In summary, we have designed integrated electrode architecture of 
